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NICOTINE INSECTICIDES, PART I..NEW METAL.NICOTINE COMPOUNDS

By %, L. Mayer and J. B., Gghan, L/ Division of Control Investiga~
tions, Bureau of Entomology and Plant Quarantine, and G, 'Re

Smith, Eastern Reglonal Research Laboratory, Bureau of
Agricultural and Industrial Chemistry.
| Twenty-five nicotine compounds of a water-resistant type, in
which the nicotine is combined usually with a metal to form a COMm
plex salt, were prepared in 1942 and 1943 at the Eastern Regional
Resesrch Laboratory of the Buream of Agricultural and Industrial
Chemistry, for testing against plant-feeding‘insects by the Bureauw

of Entomology and Plant Quarantine at its Sanford, Fla., laboratorys
Previous work by Hansberry 2/ on a few of these materials had _ého_vﬁn'
that as stomach insecticides they were more toxic to nev_ly,hat’ched;'
larvee of the codling moth (Carpocapse pomonella (L)) than

were the soluble compounds tested by him, The tests reported heree
in were made to determine insect mortality by ‘stomach and contact
action, as well as the effect of spray residues and dust deposits

left on folisge. The testing methods are somevhat ‘similar to ‘those
recently describded by Swingle 3/.

Chemical Nature of Metal-Nicotine Salts

The direct combination of nicotine with an'acid results in the
formation of a simple salt. Most, If not all, of these simple salts
are very soluble in water.. Certain ones, such as the salicylate,
benzoate, - tartrate, and oxalate, are crystalline solids, stable un-
der atmospheric conditions but soluble in water. -Many other simple
salts are of indefinite composition, and usvally hygroscopic. The
water-resistant -combinations of nicotine with bentonite, tannic acid,
or humic acid might be considered as simple salts, but theresemblance
is probably superficial, -

1/: Now assistant entomologist, Division of Insects Affecting
Man and Animals,
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‘toxicity iof theimoresicomplexrmetals
ermining whether the toxicity of;nicotine it
1y or otherwise by:its presence ‘in chemical union yith
1s employed. . Our knowledge of the effect of molecular
pxicity is inadequate, . Furthermore, resi stance to

luding ‘moigture and oxidation effects, ‘would seem to be

det

: lex galts of nicotine withia sélected ‘metal are of two
the do

types, suble salt and“the nicotinammino compound, . *The -former re-
sults, Iro the combination of the metal and nicotine ‘salts of the same

,éfi The latter 1s-formed ‘when ‘the nicotine alkaloid reacts

otal salt of the selected acid.: The metals most likely to form

these two. types of compounds ‘are those that are less electropositive ithaa
magnesium,’ guch as iron, cobalt, nickel, ‘copper, cadmium, mangsnese, zine,
aluninum,and"chromium, Of the acids 80 far tried, ‘the most ‘suitable for
forming:complex salts that are relatively “4nsoluble in water are bemzoic,
salicylic;‘picrie, thiocyanic, ‘hydrocyanic, o-bengoylbenzoic, and
o-phenoxybenzoic,

~ The'compounds tested, with their formulas,"are ligted below. "It
rill be noted that (10), (11), and (12) -contain no metal but are salts
o dye acids (13), (14), and (15) ‘are the corresponding metalenicotine
double salts of the dye acids 4/.

(1) Cupric dinicotine thiocyanate, Cu(CNS),.2 (cmnnxa.xcxs).

(2) Cupric dinicotine o-benzoylbenzoate, , |
Oul 00C. Ol 00, OgHg) 542 (G 4F o000 Cylly.00-Celg)

(3) OCupric-dinicotine benzoate, Cul00C.C.Hg) +2 ( 01&“!2.3000‘.06%).

(4) Cupric dinicotine salicylate monohydrate, .
Cu{ 00C.CGE(OF)) po2 (C) B, N, HOOC,CQH,(OH)) E 0.

(5) Zincimononicotine thiocyanate; Zn(CHS) 2.01654392330315.

(6) Cupric dinicotine picrate,
Oul 0,CgHy (W) ) 52200y FoeHOLCGT (W) o)«
(7) Zinc dinicotine picrate,
0GB} 12 (0,58
(8) 2inc dinicotine ‘salicylate,

2n(00C. CH(0R)) .2 (0, B, B .H0.C B (0H)).

0.0,5710) -

15); inclusive, were prepere
‘caltural and IndustrialChe




‘tﬁa'.t“us‘ué,ny recommended for - control of ‘the:

"(12) licotine papor "yonow L (‘secon
-,jg; mct conltitution unkno

(13)v_f‘0upric nic&éine chrome ora.ngo
of (10) .

(‘-114) ‘ anric nicétine pa@er yellov Io _ -dq c saltvith the _..iyé acid

. of (11). R

(Iﬁ) ~‘0b.p'rie nicotine stilbeno yellov GA, double salt with the . acid.
B PR - 4 a snltonated hitro:tilbene dye. : . s

:,(-'16) cv;prous nononicotine thioemate, 2 Gnc!s.cloﬂl 412 HGH . -

(a7 cuprous inicotine’ thiocya.nate, 2 OGS, 2 (0 F, X, JHONS)

(18) Gobaltous d.tnicotine thiocyanate. co( cns) o2 (cmn1 432 JHCHS) .

| _'(f19) Bickelons dinicotine thiocyanata, Ii( GNS) 2.2 (01031 4112 HCK ).

'(-,ao) cuprona ns,coune cyanide. 2. cucn 61031 41 2.303.

(21) : Wous nononicotine salicylat -
S ¥n(00C,0 B, (on)) cmnl moc.c 34(0_3_);

_(‘22.)};:03.4!1“ dintcotine. salicylat
- 0a(000.CgH (0H)) . A Cyq nooc c :t (oa))

(28) ~-_Gupri.c dintcotinanmino bengoate dj.hydrate. '

SRR eu(ooc.osﬂs) 2.zcmlil4 2_.1;252?3_; B ’
:E-(\é_l;).'Cnpric dinicotinammine o-benso _gnzoate d.ihydrate,
°°°'°634(°°'°635 B T e

; (25) Guprons dlnicotinmiao thiocyanate.v (Gum) .z °1031 4! 2

t_of the tests was.
ocies, - These nterials

thrum-: (pyrethr.{n 1 0.60 percpnt and. p‘jrethrin 11 0,63 per-
t) o {um ﬂnosilica.te, ‘nicotine;
: I

‘The neecticido ,rnsed for coaparisonr-i




INSECT ‘BOST

‘Orthoptera.(large nynphs)t
Anerican cockroach , ‘ol e e

[§:73 m&m (Iu)){
;AIaoptera. (adulta and la.rge nynphc)t‘
fernite (mmmg ep.)f_ - -t

.B.onoptera. (\d.n(gless a.ganic forn)z (!ho )) Gisablier wiLd Tebyibi
"An’aphid (Macrosivhua smbrosiae (Thos: ressleaf vild lettnce

.Coleoptera (adults):
A blister beetle

(Epicauta lemniscata (T.)) nmsa (Amarantius sp.)
Bres c a
cowpea veev(i.;.g gzmmml t wa rov er. cowpeo.

Lepidoptera (fourth instars):
~ Bean leaf roller (Urbanus proteus- (L.)) R (nnn.eln mmu)’

Cross-striped cabbage worm :ﬁlhrl (m
(Everzestis rinosalis (Guon.)) ' ,
Greenhouse leaf tier a6y
- (Bhlyctaenia rubigalis (Gm.))
Hawaiian beet webworm - 11‘"“( Aparanthus =p.).
(Exmenia fascialis (Cram.)) ST TR R

Melon wora (Disphanis hvalinata (L))  Pespkis and squash

Pickleworn (2 15 (8t01l.)) - da,
‘Southern beet webworm Pigveed
(Bachyzancla bivunctalis (¥.)) |
‘SBouthern armywora (Prodenia eridania Collard, pigweed
(Cram,))" S

Acaring (all-stages)t

Common £edspidsrs ( Retranyehii e’




Pagts with Dusted Foliege.

The first experiment was to deterntiis ‘the atficlency of .the ‘eompo

‘a8 dusta.” ‘The material was applied to both.sides of leaf sections:in:

iy

“oe :va:

“settling chamber, and’ the approximate deposit determined from the weigh

'the ‘dust on a small métal plate-placed in the chauber with the leavess:
dusted Yeaf sections were used for each species of insect, each leaf se
“being placed with 1§ insects in a 9-cm. Petri dish and held at a -constan€. . '
temperature of 80° ¥, ' Mortality counts: and estimates of the amount’ of feed~
ing were made at the end of 2 and 3 days. The mortality in these closed’
dishes may have been due to either stomach or contact action. Since these.

tests were only preliminary, no replicatigone_:veré».mde.

The compounds of high nicotine content when used as undiluted dusts
_were very toxic to nearly gll the test insects, but the results with only
the more practical dilutione are re orted here, From the data acquired it
‘appearad- that eix of the ‘coﬁpounds_fta‘dl_efl) were more effective .than the
" others at dilutions containing approximately 5 percent of nicotine, It
‘should be:noticed that four of these six materials contained copper as the
‘metal, The blister beetle, the greenhouse leaf tier, and the southern
armyworm were shown to be very resistant to ell compounds tested.- The bean
leaf roller and the pickleworm were very susceptible, and the cross-striped
cabbage worm, the Hawaiien beet webwornm, ‘the melon worm, ‘gnd the southern
beet webworm moderately susceptible. ' .
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(first fraction) had no

“uprons mononicotine  thiocyana
_ ross~-striped cabbage s
derris dust was'twige that used:in th

ut as effective.as derris:
the rotenone content of. the

againstthe cross-strip

Tive of the materials tested on the Havaiisn beet webworm gave higher
mortality than the derrig dust, which probably vag higher in rotenone
than the derris used in practical controls - o

Against the melon worm cupric dinicotine picrate, zinc dinicotine
picrate, cuprous mononicotine thiocyanate, and _cupric dinicotine
thiocyanate, in duste containing 5 percent of nicotine, were more effective
than derris at the strength recommended for field use (1.2 percent roténons)
nicotine paper yellow L (first fraction) and cuprous dinicotinammino
thiocyanate were as effective as derris at the same réspeétive strength,

Against the pickleworm all six of the compounds, at both 6 and 2.5
percent nicotine, were 100 percent effective, as was also the pyrethrum,
Zinc dinicotine picrate and nicotine paper-yellow L, however, allowed
more feeding than did the pyrethrum, '

Against the southern beet webworm, cupric-dinicotine picrate, zinc
dinicotine picrate, and nicotine paper yellow’L,(_first; frgction) , at 6
'percevny.o{.nicotine", ‘were approximately as good as derris.

Phytotoxicity Tests with Dusts

‘A glass cylinder 25 inches high and 11 inches in diameter open at:
both ends was placed over plants in the garden, and a heavy coating of,
dust particles was allowed to settle on the leaves. ‘Two applications
were made 4 ‘days spart, and the Tesults were recorded 8 days after th
first application. From 1 to: 12 plants of:each kind vere used.
tests. .The plants were covered only at night and during periods




Tests with Spray Residues

aqueons prays:p
m; ensions containing £

.-effécf.tve “oom~

pounds ‘contain’ copper.
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agt: ' superior to. derris, with the
”;;of:aicoti.no ‘paper. yellew. L. (second fraction).

Phytotoxicity Tests with Spray Residues

Phytoxic:lty tests were made on 5 'kinds-of plants in the garden plot
by thoroughly spraying them with .suspensions of the.various nicotine com-
:_ponnde containing _approximately 0.3 perceat of nicotine, 3 times the
-‘strength need 4in the ingect tests, ‘At -this concentra.tion only 2 ‘of the
12 coupounds that ‘showed ingecticidal prcpertiea ‘when applied as ‘Sprays
had no-effect on. foliage. They were cuprous nicotine cyanide and cuprous
dinicotinammino thiocyanate, When the amount of nicotine was reduced to
twice that used in the insect tests, only two other compounds, cuprlc
nicotine paper yellov L and cuprous mononicotine thiocyanate, were added
to the 1ist of mAterials safe to use, All the others cansed from moderate
to severe injn:y_ to 2°or more kinds of plants,

Contact Tests with Sprays and Dusts:

Tests were made on red spiders found on. celcry in the ﬁeld by
thoroughly dneting them with a small hand. duster and setting the stems of
the foliage in flasks of water in battery jars, By the method msed it.
was impossidle to determine the amount of dust deposited. Of 24 materials
tested, only 2 —- cupric dinicotine benzoate (39 percent: mortality) and
‘cuprous nicotine cyanide (52 percent mortality) -- showed eny toxicity:in
3 days. In. the same period dusting sulfur effected 100 percent mortality,

Spray tests against the aphid Macrosiphux ambrogiae were made with 19
of the ce-ponnde diluted to 4 pounds per 100 gallons.of water, whiéh re-
sulted in nicotine concentrations.from 0,08 to 0.25 percent with 1 percent
of saponin e,dded as & wetting agent. The following compounds caused at
least 89 ‘percent mortality (percentages of nicotine-in parentheses)

‘Cupric dinicotine benzoate (0.185), cupric dinicotine salicylate (0.173).
‘zinc dinicotine ‘salicylate (0.173), zinc dinicotine benzoate (0.185),
cupric-nicotine chrome-orange R (0.088), cupric dinicotinammine bdenzoate
dihy:lrato (0.243), ‘cupric dinicotinmine o-bengzoylbenzoate dihydrate (0.186),
and cuprous dinicotinammine thiocyanate:(0.250). Nicotine sulfate (40
percent nicetine) ‘diluted to 0,04 percent: in water-caused 100 percent
mortality., Se,ponin alone caused 4 percent nertality. The other compounds
gave mortalities ranging from O to 69 percent. -The f611lowing chemicals were
not’ 1nc1nded 4n this test because they were: too toxic to the plants at the .
concentre,tion used: ‘Cupric dinicotine thiocyanete. zinc ‘mononicotine ‘_ :
;thiocye.ng.te. be,ltoue dinicotine thiocyanate. nickelous dinicotine thiocy-
;anate,. manganese - nononicotine ‘salicylate, and:cadmium’dinicotine salicylate.:



mortality counte a.nd. estimtes'of: the am ;
the ‘melon worm, with' the use 6£:10 percen dusts.
percent) in'not one case. :

foliage test with the Asene anount
vorn, hevever, vhen ‘the. 'undiluted
were et least as effective ‘as-in th
thiocyanate. cupric dinicotine 'benz
- cuUprous mnonicotine thiocyanete, cnprou :
dinicotine thiecyanate. ‘cuprous nicotine cyanide;,;and cadmium dinicotinﬁ
salicylate. '

foliage 'testst{ ~-Cuprd
nicetine thiocyenate

Miscellaneous Tests Against Roaches, Weevils, and Termites

All ‘the materie.le were tested age.inet _
sprinkling 0.25 gm. over the bottom of a. ‘eattery Jar and then intro-
ducing 10 nearly. full grown nymphs. A thin ' ‘of petrolatum’ was put on-
the top inner snrface of the jar to preventf;the escape of the ingects.:
Cuprous nicotine cyanide ‘was the only effective nateriel, ‘catsing 100 percent:
mortality in 3 days. . An equal weight of sodiup tluorid.e, however, Kkilled all
the roaches in 1 day..

1o American cockroach by,

In tests agalnst the cowpea ‘'weevil each compound wes thoroughly mixed .. .
with Brown Crowder cowpeas, ‘1 part to 1, 000 -parts by ve [ght, in a. Petri . dieh.-
‘Thirty adult weevils were then introduced. and each dish was: placed on its
c_dge. After 4 de.ye mortality counts ‘were nade. Nonevej‘-:- the naterials caused.}
a mortality greater than 50 percent. The five that- ¥illed fron 40 to:-50 per-
cent were cupric dinicotine benzoate, (49 percent ncrtality) cuprous nicc-»
tine cyanide (48 percent), cupric dinicotinammino ‘bénzoate d.ihydrate (44
percent), zinc mononicotine thiocyanate (43 percent), and nicotine chrome
-orange R (42 percent) .

The.effectiveness of the materials against,ternites vas. deternin
“the method described by Hockenyos. §/ A small 'iece of crumpled 1
,and. a.pproxinately 15 ml. of water were place ' :
_'beaker. On ‘top of” this a 40-gn. nixtnre ‘of %
duced, ; .Li’ter all the -gand- had becene danp 8]
nymphs were placed in the beaker, Nor 71«
4 days. Cupric dinicotine benzoate killed’
‘d1lution of 1 to 1,000 and 22 ‘percent: at
‘at:1 to 1,000 repelled ‘the insects. and’ gav
ineffective at ‘1 to- 5, 000, -and cupric dini
. dihyd.rate repelled the insects and. kille' e

"but?“wa.s ineffective ‘at 1 to 5,000, ‘None’ofit
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ely 6 pei'oent b 1cot1ne
‘Qi’against twoto" four:
oinds, in- doscending
‘were . cupric”
.nonicotine thiocyanate.
(#irst fraction)y: and
rials Vere ‘applied to-

’ ,littlo ‘or no 1njnry ‘o tho

oupr_ . )
plants in idust contatning 15 percent of nico__ _
‘fol:lage va.a apparent.

V¥hen tested -as sprays, 12 of the compounds were as. effective as the’
recomended 1nsect1cides ageinst at least 1 of 4 speeies of insects on
foliage‘ spraye ,th mspensions oontaini.ng approximately 0.1 percent of
‘nicotine, . Of. these 12 only 2, cuprous. nicotine cysnide and cuprous
dinicotinaniq oeyanate. ‘caused ‘no 1njury to fonage in spray suspensions
‘containing 0.3 pergent o _,._ni.cotine, ‘These are, herefore, the only compounds
‘that can be" reconm'ended as safe to use in spray. forn.

‘Most of the compounas that showed appreciable toxicity agalnst
lepidoptorous larvae contained copper. Only two materials.cuprous mononico-
jtine thiocyanate gn' uprous dinicotinammino thiocyanate, were.100 percent

1y in Petri dishea and fed untreated foliage, ,melon
1ght1y affected. by any’ ‘of the materials. -but the -

: a8 affécted by several’ vhere 1t vas’ “possible in: each test
for the larva.e to eat'seme of the particles, -

“'"Ouprons nicotine cyanide killed all thc large nymphs of the American .
bach in 3 days. None of - the materials were effective against the
‘weevil or against” ternites.




